A fractional factorial design 2 5-1 was used to evaluate the effect of temperature, pH, and concentrations of yeast extract, tryptone and Nitsch's trace elements on the biomass, total carotenoids and protection against singlet oxygen by carotenoid extracts of the bacterium Thermus filiformis. In addition, the carotenoid composition was determined by high-performance liquid chromatography connected to a diode array and mass spectrometer detectors (HPLC-DAD-MS/MS). The production of biomass ranged from 0.113 to 0.658 g/L, the total carotenoid from 137.6 to 1,517.4 µg/g and the protection against singlet oxygen from 4.3 to 85.1 %. Results of the fractional factorial design showed that temperature had a negative effect on biomass production and a positive effect on carotenoid content and protection against singlet oxygen, besides, high levels of pH value, concentrations of yeast extract and tryptone had a positive effect on biomass production only at lower temperatures. The main carotenoids of T. filiformis were thermozeaxanthins. In the tested conditions, changes in the levels of the variables influenced the biomass, carotenoid production, and protection against singlet oxygen, although they did not influence the carotenoid profile. The results of this study provide a better understanding on the interactions among certain nutritional and cultivation conditions of a thermophile bacterium, Thermus filiformis, on biomass and carotenoid amounts, as well as on the antioxidant capacity.
Biomass, carotenoid and antioxidant capacity produced by T. filiforms manipulation (19) .
The interest in carotenoids has considerably increased in the last years due to the known evidence of their benefits to the human health (16, 24) . Several environments considered extreme and hostile to allow survival and growth of living organism are colonized by microorganisms that are specifically adapted to these niches. In this context, it is now recognized that extremophile microorganisms are a rich source of molecules of industrial interest and a great resource for developing new biotechnological applications that can revolutionize our daily lives and the advancement of knowledge (25) . One of the properties of such microorganisms is their ability to adapt to extreme environments, in which factors, such as pH, temperature, pressure and salt concentration, exceed the values considered as standard for most living beings (11) .
Among all extreme environments, the temperature is the parameter that most influence on the function of biomolecules and the maintenance of the biological structures. High temperature can lead to denaturation of the enzymes responsible by carotenoids biosynthesis (1); however, extremophile enzymes are characterized by higher thermo stability and reaction rate, with optimum activity as high as 90° (21) . The existence of stable geothermal environments has allowed the selection or the persistence of microorganisms that not only survive but also need high temperatures to survive (11) .
Bacteria of the genus Thermus, belong to the Thermaceae family, are Gram negative, aerobic and catalase positive. In general, Thermus bacteria have an optimum growth between 70 and 75°C; however, some species grow at lower temperatures, around 60°C. The optimum pH range for these bacteria is between 7.5 and 8.0, although they can grow at lower (~ 5.1) or higher (~ 9.5) pH values (13) . According to Brock and Freeze (5), the bacteria from Thermus genus can use amino acids or ammonium salts as nitrogen sources and sugar or organic acids as carbon sources. Unlike typical Gram-negative bacteria, the outer membranes of Thermus species are not composed of lipopolysaccharides but of peculiar glycolipids, which structures seem to be strictly involved in their adaptation to high temperatures (17) .
The bacterium Thermus filiformis was first isolated in 1987 from a hot spring in New Zealand. This bacterium synthesizes yellow carotenoids, low levels of iso-branched fatty acids, and high levels of anteiso-branched fatty acids (14) .
These characteristics distinguish T. filiformis from all other
Thermus species.
Nutritional and physical factors, such as concentration and type of nitrogen and carbon sources, minerals, pH, aeration, temperature and light have an influence on the cellular growth, composition and production of carotenoids by microorganisms (3). Therefore, studies to improve conditions and composition of the culture medium should be carried out for each microorganism. Even though, most studies were conducted with fungi, yeast and microalgae, mainly related to the production of astaxanthin by Haematococcus pluvialis (23) and Phaffia rhodozyma (10) , and to the production of -carotene by Dunaliella sp. (32) and Blakeslea trispora (9) .
The aims of this study were to determine the simultaneous influence of temperature, pH, concentrations of yeast extract, tryptone and Nitsch's trace elements on the biomass and carotenoid production, as well as on the protection against O 2 ( 1 Biomass, carotenoid and antioxidant capacity produced by T. filiforms the carotenoid profile by high-performance liquid chromatography connected to a diode array and mass spectrometer detectors (HPLC-DAD-MS/MS). T. filiformis was chosen because, although it has been firstly described in 1987, only genetic studies were found in the literature (6, 15) .
In fact, to the best of our knowledge, no report is available in the literature regarding the use of fractional factorial design to study the biomass, carotenoid production or protection against singlet oxygen of any bacteria from the Thermus genus.
MATERIALS AND METHODS

Bacterial strain
The strain of the bacterium Thermus filiformis (ATCC 43280) was obtained from the "Laboratório de Materiais de Referência do Instituto Nacional de Controle de Qualidade em Saúde da Fundação Oswaldo Cruz", located in Rio de Janeiro, Brazil. The strain was maintained in the Castenholz TYE 1% medium and a stock culture was stored at -70°C in Castenholz TYE 1% broth with glycerol.
Culture medium and cultivation conditions
Castenholz TYE 1 % medium was sterilized in autoclave at 120°C for 20 min at 1 atm (14) . The culture medium was changed according to the different conditions of the experimental design shown in Tables 1 and 2 . In the third phase, the inoculum was prepared in
Erlenmeyer flasks of 1,000 mL, with 10% (v/v) of preinoculum, followed by incubation at the same conditions used in the pre-inoculum.
Experimental design and statistical analysis
A fractional factorial design was used in order to evaluate the effect of certain conditions of the culture medium and cultivation on dry biomass production (g/L of culture broth), total carotenoids ( g/g of dry biomass) and protection against (Table 2 ).
The experimental responses were analyzed using the 
Determination of dry biomass
The inoculum was centrifuged at 23,900xg by 10 min at 10°C in refrigerated centrifuge (Sorval Instruments RC5C -Dupont ® ) and the supernatant was discarded. The cellular mass was washed once with distilled water followed by centrifugation. The pellet was frozen in Petri dishes at -35°C for later freeze-drying and weighing for quantification of the dry biomass produced by culture liter.
Determination of carotenoids
The carotenoid extraction was carried out according to the method of Squina and Mercadante (28) Table 2 show (Table 3) . Table 3 . Effect of the variables on the biomass production, total carotenoid production and protection against singlet oxygen (only the significant values are shown).
RESULTS
The results summarized in
X1 -temperature; X2 -pH; X3 -yeast extract; X4 -tryptone; X5 -Nitsch's trace elements.
Effect of the independent variables on biomass production
The assay with the highest yield of biomass was number 15 (Table 2) The results reported in Table 3 show that the model for biomass production has a R-square of 0.96. The R-square value is an indicator of how well the model fits the data, i.e., an Rsquare close to 1.0 indicates that almost all of the variability elements also had a significant effect on biomass production.
Effect of the independent variables on carotenoid production
The highest amount of total carotenoids (1,517.4 g/g) was observed in assay number 2, where the independent variables were adjusted at the lowest level with exception of the temperature, which was set at the highest level. On the other hand, the lowest carotenoid production (137.6 g/g) was observed in assay number 13 where only temperature and pH were set at the lowest level.
The model adjusted for total carotenoid production had a Table 4 ). 
Effect of the independent variables on antioxidant capacity
Since the carotenoid profiles were similar in different conditions, the protection against O 2 ( A positive influence of high temperatures (≈ 75°C) on carotenoid production was found in the present study, rising more than 10 times when assays 2 and 13 are compared.
According to the literature, other microorganisms also had an increase in carotenoid production at higher temperatures.
Tjahjono et al. (31) suggested that the growth of 
